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Description

This invention relates to a copolymer of ethylene and an «-olefin and a process for producing the same.
More particularly, it relates to an ethylene-a-olefin copolymer excellent in transparency and low-temperature
heat-sealing properties and to a process for producing such an ethylene-a-olefin copolymer.

Ethylene-a-olefin copolymers exhibit excellent characteristics such as heat resistance, weather resis-
tance and ozone resistance and have therefore found many uses as automobile materials, constructional
materials, industrial materials and resin modifiers. In particular, ethylene-a-olefin copolymers having a high
ethylene content are soft resins having properties midway between rubbers and crystalline plastics and are
now in growing demand as packaging film, etc. Inter alia, copolymers obtained by copolymerizing ethylene
and an a-olefin in the presence of a titanium-based polymerization catalyst are known as linear low-density
polyethylene (hereinafter abbreviated as LLDPE) and are widely employed. However, films produced from
LLDPE do not always satisfy requirements of low temperature heat-sealing properties and fransparency.
The insufficient transparency or heat-sealing properties of the LLDPE are considered attributed to non-
uniform composition of ethylene and «-olefin in the copolymer and broad molecular weight distribution.

JP-A-63020309 discloses random copolymers of ethylene and butene containing 85 to 95 mol%
ethylene with a ratio of weight average to number average molecular weight of 2 to 5 and molecular weight
of 30,000 to 200,000 which is said to have good mechanical strength and flexibility; it has two melting
points as determined with a differential scanning calorimeter.

GB-A-2093047 describes copolymers of ethylene with 0.5 to 8 mol% of an alpha-olefin having a ratio of
weight average molecular weight to number average molecular weight of from 2.0 to 5.0, a number
molecular weight of 8600 to 54000 and exhibiting a single melting point as determined by differential
thermal analysis which is slightly above 105°C, as shown in the examples; they can be formed into
transparent films.

GB-A-1403372 discloses the polymerisation of ethylene with to 20 mol% of alpha-olefins in the
presence of a catalyst which can comprise a vanadium compound, an organoaluminium compound and a
halogenated organic ester, in a solvent.

On the other hand, several other processes for producing ethylene-a-olefin copolymers using a
vanadium-based catalyst have been proposed. For example, JP-B-46-21212 (the term "JP-B" as used
herein means an "examined published Japanese patent application") discloses a process of solution
polymerization of ethylene and an a-olefin using a catalyst system comprised of a vanadium compound and
an organoaluminum compound. According to this process, a copolymer is obtained in the form of a uniform
solution, i.e., as dissolved in a polymerization solvent. However, the vanadium compound used greatly
reduces in catalytic activity as the polymerization temperature increases. For example, as shown in the
working examples of this patent publication, the polymerization activity becomes too low to be suited for
practical use in a high temperature range, e.g., at 100°C, only to produce a copolymer having broad
molecular weight distribution and having a solvent exiractable content. JP-B-47-26185 discloses a process
for producing an ethylene-a-olefin copolymer by using a halogenated lower aliphatic hydrocarbon or a
hydrocarbon having from 3 to 5 carbon atoms as a polymerization solvent and a combination of a VOX3
compound and an organoaluminum compound as a catalyst system. Polymerization in a halogenated
hydrocarbon produces a polymer as a precipitate insoluble in the polymerization solvent, forming a slurry
having a low viscosity as a whole. This is economically advantageous in stirring or transporting the system
but, in turn, there are problems arising from decomposition of the halogenated hydrocarbon, such as
corrosion of apparatus and storage stability of the polymer. In the case of slurry polymerization in a
hydrocarbon solvent having 3 to 5 carbon atoms, the closeness of the boiling point of this solvent to that of
the ethylene-copolymerizable a-olefin, particularly propylene or 1-butene, gives rise to a great problem in
separating the unreacted monomer and the polymerization solvent in the purification step. Further, from an
economical viewpoint, this process is not always recognized as advantageous since hydrocarbons having 3
to 5 carbon atoms have low boiling points and therefore require a freezing apparatus for liquefication and a
pressure-resistant apparatus as well as a cooling medium. Furthermore, the process requires large-sized
equipment for an ashing step for removing the catalyst components incorporated into the produced polymer
particles.

JP-B-55-24447 discloses a process for producing an ethylene-1-butene copolymer having an ethylene
content of from 85 to 95 mol%, in which copolymerization is effected at a temperature of from -20° to
30°C in an aliphatic hydrocarbon having from 6 to 15 carbon atoms as a polymerization solvent in the
presence of a catalyst system composed of a soluble vanadium compound and an organoaluminum halide.
Similarly, JP-A-63-17912 (the term "JP-A" as used herein means an "unexamined published Japanese
patent application™) describes a process for copolymerizing ethylene and an «-olefin at from -20° to 30°C
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using a catalyst system composed of a soluble vanadium compound and a chlorinated organoaluminum
compound. Both of these processes relate to slurry polymerization with the difference being that the Al/V
atomic molar ratio is from 2/1 to 50/1 in the former process and from 55/1 to 170/1 in the latter process.
According fo either process, since polymerization is carried out at a relatively low temperature (from -20° to
30°C), a large quantity of a cooling medium and energy for driving a freezing device are necessary. In
addition, the reaction rate attained is so low that the retention time in the reaction vessel becomes long,
increasing the overall volume of the reaction vessel, which results in large consumption of stirring power in
the reaction vessel.

In short, when ethylene-a-olefin copolymers having a high ethylene content are produced by slurry
polymerization, that is, in a system in which a part of the copolymer produced is insoluble in a
polymerization solvent so that the reaction proceeds while the insoluble copolymer is in a precipitated state,
by the conventional processes, it is necessary to make a proper choice of a solvent, and the reaction
should be conducted at low temperatures, which is disadvantageous from the standpoint of equipment and
energy. On the other hand, in the case of solution polymerization in a system in which copolymerization
proceeds while the whole copolymer is dissolved in the solvent, the conventional processes require
relatively high temperatures and suffer from reduction of catalyst efficiency, resulting in economic disadvan-
tage.

From all these considerations, it has been much desired to develop a slurry polymerization technique
which can be effected at a midway temperature, more specifically at around 40 to 65°C at which a
vanadium-based catalyst exerts the possible highest activity, which would be of advantage from the
standpoint of equipment, energy and cost. The most relevant process so far proposed in this connection is
found, e.g., in JP-B-46-11028. According to the disclosed technique, however, the resulting copolymer has
a very non-uniform composition and a broad molecular weight distribution, thereby possessing poor
strength and poor transparency.

One object of this invention is to eliminate the disadvantages associated with the conventional
processes and to provide a process for producing an ethylene-a-olefin copolymer having a narrow
molecular weight distribution and a uniform composition by slurry polymerization, with industrial advantages
from the standpoint of equipment, energy and cost.

Another object of this invention is to provide an ethylene-a-olefin copolymer having a narrow molecular
weight distribution, a uniform composition, and a low solvent exiractable content, thereby exhibiting
satisfactory transparency and excellent low-temperature heat-sealing properties.

The inventors have conducted extensive investigations on a process for producing an ethylene-a-olefin
copolymer having a narrow molecular weight distribution and a uniform composition. As a resulf, it has now
been found that slurry polymerization can be carried out at a low viscosity by using a three-component
catalyst system comprising a specific vanadium compound, a specific organoaluminum compound and a
specific halogenated ester compound at a specific mixing ratio and by properly selecting a copolymeriza-
tion temperature, a molar ratio of ethylene and an «a-olefin, and a copolymerization solvent to be used. It has
also been found that an ethylene-a-olefin copolymer having the above-described properties can be obtained
by slightly elevating the temperature of the system after completion of the copolymerization thereby making
it possible to handle the reaction system as a uniform solution and facilitating ashing of the copolymer. The
present invention has been completed based on these findings.

That is, in one embodiment the present invention provides an ethylene-a-olefin copolymer which
comprises ethylene and an a-olefin having from 3 fo 10 carbon atoms, has an ethylene/a-olefin molar ratio
of from 88/12 to 98/2, and which has a number average molecular weight of from 35,000 to 80,000 and a
weight average molecular weight/number average molecular weight ratio of from 1.8/1 to 3.0/1 as deter-
mined by gas permeation chromatography (GPC) and which shows a single endothermic peak of up to
105°C as determined by means of a differential scanning calorimeter and which is obtained by use of a
polymerization catalyst containing vanadium.

Further, in another embodiment the present invention provides a process for producing said ethylene-a-
olefin copolymer, which comprises copolymerizing ethylene and an «-olefin having from 3 to 10 carbon
atoms at an ethylene/a-olefin molar ratio of from 35/65 to 60/40 and at a temperature of from 40 to 80°C
using a catalyst system composed of (a) a vanadium compound represented by formula:

VO(OR)nXS—n

wherein R represents a hydrocarbon group; X represents a halogen atom; and n is a number of from 0 to 3,
(b) an organoaluminium compound represented by formula:
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R'mAL X3 m

wherein R' represents a hydrocarbon group; X represents a halogen atom; and m represents a number of
from 1 o 3, and (c) a halogenated ester compound represented by formula:

0

|

R" - C - ORIII

wherein R" represents an organic group derived from a hydrocarbon group having from 1 to 20 carbon
atoms by substituting a part or all of the hydrogen atoms thereof with a halogen atom; and R"' represents a
hydrocarbon group having from 1 to 20 carbon atoms,

at an organoaluminum compound/vanadium compound molar ratio of 2.5/1 or more and at a halogenated
ester compound/vanadium compound molar ratio of 1.5/1 or more, in a hydrocarbon solvent in which the
resultant polymer can be present in both dissolved and insoluble form at a temperature below 70 ° C.

The process of the present invention is characterized in that the copolymerization is carried out in a
system where a hydrocarbon solvent-soluble polymer and a hydrocarbon solvent-insoluble polymer coexist,
more specifically, in a mixed system comprising a dissolved polymer and insoluble fine polymer particles
having a particle size of not more than 0.5 mm. Such a mixed polymerization system, when held at 40°C,
contains 95% by weight or more of the hydrocarbon solvent-insoluble polymer based on the total polymer.
In this case, the system has a low viscosity characteristic of a slurry polymerization system. When the
system is held at 70 ° C or higher, the system becomes a uniform solution.

Important in the present invention are choices of a combination of catalyst components, a
copolymerization solvent, and a copolymerization temperature.

Specific examples of the vanadium compound represented by formula VO(OR),X3-,, wherein R, X, and
n are as defined above, include VOCI;, VO(OCHs)Cl>, VO(OCHj3),Cl, VO(OCHs)s, VO(OCzHs)Cl, VO-
(OCz H5)2C|, VO(OC2 Hs)s, VO(OC3 H7)C|2, VO(OC3 H7)2C|, VO(OC3 H7)s, VO(O-iSO-C3 H7)C|2, VO(O-iSO-
C3Hy)2Cl, VO(O-iso-C3H7)s and mixtures thereof. These vanadium compounds except for VOCIz can easily
be prepared by reacting VOCI; with an alcohol or by reacting VOCl; with VO(OR)s. Preferred of them are
those wherein 0=n<1, i.e., VOCl3, VO(OCH;3)Clz, VO(OC,Hs)Cl>, VO(OC3H7)Cly, and VO(O-iso-CsH7)Clz,
from the viewpoint of obtaining copolymers having a narrow molecular weight distribution and a uniform
composition. In particular, VOCl3 (n=0) is the most preferred.

The copolymerization system in the co-presence of a hydrocarbon solvent-insoluble polymer and a
hydrocarbon solvent-soluble polymer may also be achieved by the use of the vanadium compounds
wherein 1<n<3, e.g., VO(OCH3z)2Cl, VO(OCHzs)z, VO(OC2Hs)2Cl, VO(OC2Hs)s, VO(OC3H7)>Cl, VO(OCzHy)s,
VO(0-iso-C3Hy)2Cl and VO(O-iso-C3Hy)s. However, the ethylene-a-olefin copolymers obtained from such a
system have two endothermic peaks in differential thermal analysis (DTA) by means of a differential
scanning calorimeter (DSC), one in the region between 80°C and 105°C and the other in the region
exceeding 105°C. Some of such copolymers may suffer from reduction of heat-sealing properties or
transparency.

The organoaluminum compound represented by formula R'AlXs-,, wherein R', X and m are as
defined above, which can be used in the catalyst system includes (C2Hs)>AICI, (CaHg)2AICI, (CsHy3)2AICI,
(C2Hs)1 5AICH 5,(CaHg)1 5AICH 5, (CsH13)15AICl 5, C2Hs AICL:, CaHsAICI and CgHi3AICk:. From the stand-
point of reaction rate and yield, preferred of them are those wherein 1=m=2, with (C2Hs),5AICl;5 being
more preferred.

The halogenated ester compound represented by formula

0

R"-C-OR"’,

wherein R" and R'' are as defined above, which can be used as a catalyst component preferably includes
those wherein R" is a group in which all the hydrogen atoms thereof are substituted with a halogen atom,
more preferably perchlorocrotonic acid esters. Specific examples of the halogenated ester compound are
ethyl dichloroacetate, methyl trichloroacetate, ethyl trichloroacetate, methyl dichlorophenylacetate, ethyl
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dichlorophenylacetate, methyl perchlorocrotonate, ethyl perchlorocrotonate, propy! perchlorocrotonate,
isopropy! perchlorocrotonate, butyl perchlorocrotonate, cyclopropyl perchlorocrotonate and phenyl perch-
lorocrotonate.

In the copolymerization system, the vanadium compound concentration ranges from 0.00005 mmol/{ to
5 mmols/L, preferably from 0.0001 mmol/L to 1 mmol/L. The molar ratio of the organoaluminum compound
to the vanadium compound should be 2.5/1 or more, preferably from 2.5/1 to 30/1, and the molar ratio of
the halogenated ester compound to the vanadium compound should be 1.5/1 or more. If the or-
ganoaluminum compound/vanadium compound molar ratio is less than 2.5/1, the copolymerization reaction
becomes extremely unstable, resulting in stopping or failing to obtain a desired copolymer having a narrow
molecular weight distribution. If the halogenated ester compound/ vanadium compound molar ratio is less
than 1.5/1, the resulting copolymer has a broad molecular weight distribution.

The copolymerization according to the present invention is carried out in a hydrocarbon solvent. The
hydrocarbon solvent to be used includes aliphatic hydrocarbons, e.g., hexane, heptane, octane, decane,
dodecane and kerosine; alicyclic hydrocarbons, e.g., cyclohexane, methylcyclopentane and methyl-
cyclohexane; and aromatic hydrocarbons, €.g., benzene, toluene and xylene. Preferred of them are hexane,
heptane, octane and cyclohexane. The solvent may be partly or wholly replaced with an «-olefin, e.g.,
propylene, 1-butene, 1-pentene and 1-hexene.

The copolymerization temperature can be from 40 to 80° C, preferably from 40 to 65°C. If it is lower
than 40°C, the reaction rate is seriously reduced and, in addition, a specific equipment for cooling or
freezing would be necessary to remove the reaction heat. On the other hand, at temperatures higher than
80°C, the whole copolymer produced becomes soluble in the solvent throughout the copolymerization
system to increase the viscosity of the system, thus so much increasing the power required for stirring and
mixing. At even higher temperatures, the polymerization activity of the catalyst is lost, failing to produce a
copolymer.

The copolymerization is carried out under atmospheric pressure or under an elevated pressure,
preferably at a pressure of from 1 to 29 Pa x 10° (1 to 30 kg/cm?), more preferably from 1 to 19,5 Pa x 10°
(1 to 20 kg/cm?).

The retention time of the copolymerization reaction mixture in the copolymerization vessel ranges from
10 to 180 minutes, preferably from 20 to 120 minutes, in average. In order to assure good reproducibility in
obtaining an ethylene-a-olefin copolymer with satisfactory physical properties, the total polymer concentra-
tion in the copolymerization system is adjusted not to exceed 15% by weight, preferably not to exceed 12%
by weight.

The copolymerization is effected in a system where a hydrocarbon solvent-insoluble polymer and a
hydrocarbon solvent-soluble polymer coexist during stirring. It is preferable to control the molar ratio of
ethylene and a-olefin to be charged in such a manner that the hydrocarbon solvent-insoluble polymer
content may amount to 95% by weight or more at 40°C or the total polymer may solely comprise the
hydrocarbon solvent-soluble polymer at 70°C. In such a copolymerization system, the copolymerization
temperature is preferably set at from 40 to 65°C, more preferably at from 40 to 55°C. In this particular
system, since the reaction proceeds with the hydrocarbon solvent-insoluble polymer being suspended in
the form of fine particles of 0.5 mm or smaller in diameter, the viscosity of the system can be kept low, the
stirring power energy can be minimized, and the reaction heat can easily be removed. Moreover, a
satisfactory mixing state of the catalyst and the monomers can be obtained, as is advantageous for
obtaining a polymer having a narrow molecular weight distribution and a uniform composition. The
temperature in the downstream side of the reaction vessel, on the other hand, is controlled at 70°C or
higher, whereby all the polymer present there becomes soluble in the solvent. Such temperature control
can thus eliminate the problem due to precipitated polymer particles generally encountered in slurry
polymerization systems effected on an industrial scale, i.e., sedimentation and deposition of the polymer
particles in regions of insufficient flow in the plant or obstruction of piping.

The weight ratio of the hydrocarbon solvent-insoluble polymer and the hydrocarbon solvent-soluble
polymer can be determined by filtering the reaction mixture sampled from the copolymerization system
through a metallic net of 300 mesh to separate into hydrocarbon solvent-soluble matter and hydrocarbon
solvent-insoluble matter, removing the hydrocarbon solvent from each matter by drying, and weighing each
of the resulting solids. The 300 mesh sieve has an opening size of 0.048 mm.

The ethylene-a-olefin copolymer according to the present invention has an ethylene/a-olefin molar ratio
of from 88/12 to 98/2 and a ratio of weight average molecular weight (Mw) to number average molecular
weight (Mn), Mw/Mn (hereinafter referred to as a Q value), of from 1.8/1 to 3.0/1 as determined by GPC.
The ethylene-a-olefin copolymer satisfying these conditions exhibits excellent performance properties in
terms of strength at break, elongation, and surface hardness as measured according to JIS K-6301.



10

15

20

25

30

35

40

45

50

55

EP 0 346 098 B1

Preferred ethylene-a-olefin copolymers which are particularly excellent in heat-sealing properties and
transparency have an ethylene/a-olefin molar ratio of from 92/8 to 96/4 and a Q value of from 1.8/1 to 2.6/1,
and shows said endothermic peak being between 80°C and 105°C.

The ethylene-a-olefin copolymer according to the present invention has a number average molecular
weight of from 35,000 to 80,000 as determined by GPC and shows a single endothermic peak as
determined by a DSC. If it is less than 35,000, the copolymer produced has an insufficient strength. On the
other hand, if it exceeds 80,000, the molding processability is poor.

GPC as used herein was conducted under the following measurement conditions:

GP Chromatograph: 150 C Model, manufactured by Waters Corp.
Column: Shodex® AC-80M, manufactured by Shoda Denko K.K.
Sample Volume: 300 i (polymer conc.: 0.2% by weight)

Flow Rate: 1 ml/min

Temp.: 135°C

Solvent: 1,2,4-tfrichlorobenzene

A calibration curve was prepared in a usual manner by using a standard polystyrene produced by
Tosoh Corporation. Data were processed by the use of Data Processor CP-8 Model Ill, manufactured by
Tosoh Corporation.

Molecular weight control of the ethylene/a-olefin copolymer can be done by addition of hydrogen,
diethylamine, ally] chloride, pyridine-N-oxide, etc., with Hx> being particularly preferred.

The present invention is now illustrated in greater detail by way of the following Examples, Comparative
Examples, Reference Examples illustrating films of the copolymer and Comparative Reference Examples.

EXAMPLE 1

Ethylene and 1-butene were continuously copolymerized by using a 5 L-volume stainless steel
polymerization vessel equipped with a stirring blade.

Hexane as a polymerization solvent was continuously fed into the lower part of the vessel at a rate of 5
L/hr, while a polymerization mixture was continuously withdrawn from the upper part of the vessel so as to
maintain the volume of the polymerization mixture in the vessel at 5 {. As a catalyst system, vanadium
oxytrichloride, ethylaluminum sesquichloride and n-butyl perchlorocrotonate were continuously fed to the
upper part of the vessel at a rate of 0.050 mmol/hr, 1.2 mmols/hr and 0.12 mmol/hr, respectively. Ethylene
and 1-butene as monomers were continuously fed to the lower part of the vessel at a feed rate of 230 g/hr
and 360 g/hr, respectively. Molecular weight control was effected with hydrogen. The copolymerization
temperature was controlled at 55°C by circulating cooling water through a jacket provided around the
vessel.

The copolymerization reaction was carried out under the above-recited conditions to thereby produce
an ethylene-1-butene copolymer in the form of a mixture of polymerization solvent-insoluble matter and
polymerization solvent-soluble matter. A small amount of methanol was added to the polymerization mixture
withdrawn from the reaction vessel to stop the reaction. Any unreacted monomers were removed from the
mixture, the mixture was washed with water, and the solvent was removed by stripping with steam in a
large quantity of water. The collected copolymer was dried at 80°C under reduced-pressure for one day.
There was thus obtained an ethylene-1-butene copolymer at an output rate of 170 g/hr.

The ethylene content of the resulting copolymer was found to be 96.1 mol% by infrared absorption
analysis. GPS analysis revealed that the copolymer had an Mw of 112,000 and an Mn of 55,000, giving a Q
value of 2.2/1. The DTA curve of the copolymer obtained by the use of DSC had a single fusion peak,
showing a melting point (Tm) at 99 ° C and a heat of fusion (AHm) of 19 cal/g.

The polymerization mixture withdrawn from the reaction vessel was filtered through a metallic net of 300
mesh to separate into a solvent-insoluble matter and a solvent-soluble matter, and each of them was
weighed to give an insoluble matter/soluble matter weight ratio of 61/39.

When the copolymer was press molded, the resulting molded article exhibited highly satisfactory
transparency and had a strength at break of 330 kgf/cm?, an elongation at break of 710%, and a surface
hardness of 93, each measured in accordance with JIS K-6301 the strength at break here and in tables 2
and 4 are converted to Pa by multiplying by 0.9806 x 10°.

EXAMPLES 2 TO 5

Ethylene and 1-butene were copolymerized in the same manner as in Example 1, except for altering
the conditions as shown in Table 1. Each of the resulting copolymers was analyzed and evaluated in the
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same manner as in Example 1, and the results obtained are shown in Table 2.

EXAMPLES 6 AND 7

Copolymerization was carried out in the same manner as in Example 1, except for replacing 1-butene
with propylene and altering the polymerization conditions as shown in Table 1. Each of the resulting
ethylene-a-olefin copolymers was analyzed and evaluated in the same manner as in Example 1, and the
results obtained are shown in Table 2.

COMPARATIVE EXAMPLES 1 AND 2

Copolymerization was carried out in the same manner as in Example 1, except for using, as catalyst
components, vanadium oxytrichloride and ethylaluminum sesquichloride only but using no n-butyl perch-
lorocrotonate and altering the reaction conditions as shown in Table 1. Each of the resulting copolymers
was analyzed and evaluated in the same manner as in Example 1, and the results obtained are shown in
Table 2.
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COMPARATIVE EXAMPLE 3

55

Copolymerization was carried out in the same manner as in Example 1, except for changing the
ethylene feed rate to 100 g/hr and the 1-butene feed rate to 500 g/hr. The copolymer produced was totally

soluble in the hexane solvent, and the system became a viscous solution. The copolymer recovered was
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rubber-like and had a low strength at break of 140 kgf/cm?.

COMPARATIVE EXAMPLE 4

Copolymerization was carried out in the same manner as in Example 1, except for changing the
ethylene feed rate to 300 g/hr, the 1-butene feed rate to 300 g/hr, and the polymerization temperature to
25°C. As a result, the copolymerization system became a slurry in which most of the copolymer produced
was suspended in the hexane solvent as insoluble fine particles, a part of the copolymer particles being
found deposited onto the inner wall of the piping in the downstream side of the outlet of the vessel. The
recovered copolymer had a low elongation at break of 420%.

EXAMPLE 8

Ethylene and 1-butene were continuously copolymerized by using the same polymerization vessel as
used in Example 1 to which was connected a 10 1-volume SUS-made pressure-resistant stirring tank
equipped with a stirring blade, a jacket, and an outlet for withdrawing gasified components at the top thereof
(hereinafter referred to as degassing apparatus).

Hexane as a polymerization solvent was continuously fed to the lower part of the vessel at a feed rate
of 5 £/hr, while the polymerization mixture was continuously withdrawn from the upper part of the vessel so
as to maintain the volume of the polymerization mixture in the vessel at 5 £ and introduced into the
degassing apparatus. The polymerization mixture was further continuously withdrawn from the side of the
degassing apparatus so as to control the volume of the polymerization mixture in the apparatus at 5 1. As a
catalyst system, vanadium oxytrichloride, ethylaluminum sesquichloride and ethyl dichlorophenylacetate
were continuously fed to the lower part of the vessel at a rate of 0.020 mmol/hr, 0.55 mmol/hr, and 0.060
mmol/hr, respectively. Ethylene and 1-butene were continuously fed to the lower part of the vessel at a rate
of 155 g/hr and 175 g/hr, respectively. Molecular weight control was effected with hydrogen. The
copolymerization temperature was controlled at 55° C by circulating cooling water through a jacket provided
around the vessel.

The copolymerization reaction was carried out under the above-recited conditions to thereby produce
an ethylene-1-butene copolymer in the form of a mixture of polymerization solvent-insoluble matter and
polymerization solvent-soluble matter. The polymerization mixture was continuously withdrawn from the
vessel and introduced into the degassing apparatus. A small amount of methanol was added to the
polymerization mixture in the degassing apparatus to stop the reaction. The inner temperature of the
apparatus was controlled at 40 ° C while removing the unreacted monomers. The mixture withdrawn from the
degassing apparatus assumed a slurry condition in which copolymer particles having a particle size of from
about 0.01 to 0.1 mm were suspended in the hexane solvent.

The polymerization mixture sampled from the degassing apparatus was filtered through a metallic net of
300 mesh to separate it into polymerization solvent-insoluble matter and polymerization solvent-soluble
matter, and each of them was weighed to give an insoluble matter/soluble matter weight ratio of 98/2. On
the other hand, the polymerization mixture sampled from the polymerization vessel was found to have an
insoluble matter/soluble matter weight ratio of 44/56.

While continuing the polymerization, warm water was then circulated through the jacket of the
degassing apparatus to control the inner temperature at 70 ° C. The polymerization mixture withdrawn from
the apparatus contained no solid particles and, instead, the copolymer produced was found to be in a
dissolved state in the hexane solvent.

Polymerization was further continued, and the inner temperature of the degassing apparatus was cooled
to 40°C. Then, the polymerization mixture returned to the slurry state comprising suspended copolymer
particles.

The structural values of the copolymer sampled from the polymerization mixture kept at 70°C were
consistent with those of the copolymer sampled from the mixture cooled to 40°C within measurement
errors. The resulting copolymer was found to have an ethylene content of 94 mol% by infrared absorption
analysis; an Mw of 98,000, an Mn of 49,000 by GPC analysis, giving a Q value of 2.0/1; a single fusion peak
showing a Tm of 95°C and a AHm of 23 cal/g by DSC. Transparency and mechanical properties of the
copolymer were evaluated in the same manner as in Example 1. The polymerization conditions used are
shown in Table 3, and the results of analyses and evaluations are shown in Table 4.
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EXAMPLES 9 AND 10 AND COMPARATIVE EXAMPLES 5 AND 6

Copolymerization was carried out in the same manner as in Example 8, except for changing the feed
rates of the polymerization solvent, organoaluminum compound, halogenated ester compound, ethylene and
1-butene or changing the kind or amount of the vanadium compound as shown in Table 3.

Each of the resulting copolymers was analyzed and evaluated in the same manner as in Example 1,
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and the results obtained are shown in Table 4.
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REFERENCE EXAMPLES 1 TO 3

55

Each of the copolymers obtained in Examples 8, 9 and 10 was mixed with 0.1% by weight of calcium
stearate, 0.2% by weight of octadecy!-3-(3',5'-di-t-butyl-4-hydroxyphenyl)propionate ("IRGANOX® 1076"
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produced by Chiba-Geigy AG), and 0.05% by weight of tris-nonylphenyl phosphite ("ANTIGENE® TNP"
produced by Sumitomo Chemical Co., Ltd.). The resulting compound was pelletized and molded into a film
having a thickness of 30 um. Physical properties of the film are shown in Table 5.

COMPARATIVE REFERENCE EXAMPLES 1 TO 3

Each of the copolymers obtained in Comparative Examples 5 and 6 and an LLDPE was compounded
with additives and molded into a film in the same manner as in Reference Examples 1 to 3. Physical
properties of each of the resulting films are shown in Table 5.

14



10

15

20

25

30

35

40

45

50

55

EP 0 346 098 B1

TABLE 5
Reference Example No. Comp. Ref. Ex. No.
1 2 3 1 2 3

Copolymer Ex. 8 Ex. 9 Ex. 10 Comp. Comp. LLDPE
Ex. 5 Ex. 6 *5

Density*1l 0.9064 0.9081 0.9012 0.9018 0.90200.85120

(g/cm3)

Haze*2 (%) 2.8 3.2 2.2 6.9 25.3 10.4

CXS*3 (%) 1.6 1.5 2.1 3.6 5.7 10.3

Heat—-Sealable 92 95 90 93 98 110

Temp.*4 (°C)

Note: *13

*23

*3:

*4

Measured at 25°C

Measured according to ASTM D-1003

The weight loss. of a test specimen on
immersion in xylene at 30°C for 24 hours was
determined.

Two sheets of a sample film (width: 1.5 cm)
were fused together under a pressure of 2

kg/cm?

for a sealing time of 1 second by
means of a heat sealer, and the sealed area
was subjected to peel test. The minimum
heat sealing temperature which provided such
a sealing strength that the sealed area was

divided into two layers through breaking

without 1involving peeling at the sealed

15
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surface was taken as a heat-sealable
temperature.

*5: A trial product of SUMIKATHENE® L produced
by Sumitomo Chemical Co., Ltd., having a
melt flow index (MFI) of 1.9 at 190°C, which
was confirmed to be an ethylene-l-butene

copolymer by infrared absorption analysis.

As described above, the present invention provides an ethylene-a-olefin copolymer having a narrow

molecular weight, a uniform composition, and a small solvent extractable content and thereby exhibiting
excellent fransparency and low-temperature heat-sealing properties. The process according to the present
invention for producing such an ethylene-a-olefin copolymer, in which copolymerization is carried out in
such a system that a hydrocarbon solvent-insoluble polymer and a hydrocarbon solvent-soluble polymer
coexist, is advantageous from the standpoint of equipment, energy and cost.

Claims

1.

A copolymer of ethylene and an a-olefin having from 3 to 10 carbon atoms, characterised by an
ethylene/a-olefin molar ratio of from 88/12 to 98/2 and a number average molecular weight of from
35,000 to 80,000 and a ratio of its weight average molecular weight to its number average molecular
weight of from 1.8/1 to 3.0/1 as determined by gas permeation chromatography and which shows a
single endothermic peak of up to 105 C as determined by means of a differential scanning calorimeter,
and which is obtained by use of a polymerization catalyst containing vanadium.

A copolymer as claimed in Claim 1, wherein the ethylene/a-olefin molar ratio is from 92/8 to 96/4, the
weight average molecular weight/number average molecular weight ratio is of from 1.8/1 to 2.6/1, said
endothermic peak being in the range of from 80°C to 105°C.

A process for producing a copolymer of ethylene and an a-olefin copolymer as claimed in claim 1 or 2,
which comprises copolymerizing ethylene and an «-olefin having from 3 fo 10 carbon atoms in solution
in the presence of a catalyst system comprising a vanadium compound and an organoaluminium
compound, characterised by an ethylene/a-olefin molar ratio of from 35/65 to 60/40, a temperature of
from 40 to 80°C, a catalyst system composed of (a) a vanadium compound represented by the
formula:

VO(OR)nXS—n

wherein R represents a hydrocarbon group, X represents a halogen atom and n is a number of from 0
to 3, (b) an organoaluminium compound represented by the formula:

R'mALX3-1m
wherein R' represents a hydrocarbon group, X represents a halogen atom and m represents a number

of from 1 1o 3,
and (c) a halogenated ester compound represented by the formula:

|

R” —- C — ORIII
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wherein R" represents an organic group derived from a hydrocarbon group having from 1 to 20 carbon
atoms by substituting a part or all of the hydrogen atoms thereof with a halogen atom and R'™
represents a hydrocarbon group having from 1 to 20 carbon atoms,

at a molar ratio of organoaluminium compound to vanadium compound of 2.5/1 or more and at a molar
ratio of halogenated ester compound to vanadium compound of 1.5/1 or more, in a hydrocarbon solvent
in which the resultant polymer can be present in both dissolved and insoluble form at a temperature
below 70°C, so as to produce a copolymer as claimed in Claim 1.

A process as claimed in Claim 3 wherein the initial «-olefin has from 4 to 8 carbon atoms, the
ethylene/a-olefin molar ratio is from 40/60 to 58/42, in the catalyst system n is a number of from 0 to 1,
and m represents a number of from 1 to 2; B

and the organoaluminium compound/vanadium compound molar ratio is from 2.5/1 to 30/1.

A process as claimed in Claim 3 or 4, which is carried out at a temperature of 40 to 65°C.
A process as claimed in Claim 3, 4 or 5, wherein said hydrocarbon solvent-insoluble polymer in said
system is 95% by weight or more based on the total amount of polymer at 40°C and is 100% by

weight based on the total polymer at 70°C.

A process as claimed in any of Claims 3 to 6, wherein n in the formula representing the vanadium
compound is 0.

A process as claimed in any of Claims 3 to 7, wherein m in the formula representing the or-
ganoaluminium compound is 1.5.

A process as claimed in any of Claims 3 to 8, wherein said halogenated ester compound is a
perchlorocrotonic acid ester.

10. A process as claimed in any of Claims 3 to 9, wherein said a-olefin is 1-butene.

Patentanspriiche

1.

Copolymer aus Ethylen und einem «-Olefin mit 3 bis 10 Kohlenstoffatomen, gekennzeichnet durch ein
Ethylen/a-Olefin-Molverhiltnis von 88/12 bis 98/2 und einem Zahlenmittel-Molekulargewicht von 35 000
bis 80 000 und einem Verhiltnis seines Gewichtsmittel-Molekulargewichts zu seinem Zahlenmittel-
Molekulargewicht von 1,8/1 bis 3,0/1, bestimmt durch Gas-Permeationschromatographie, und das einen
einzelnen endothermen Peak von bis zu 105 C, bestimmt durch Differentialscanning-Calorimetrie Zeigt,
und das durch Verwendung eines Polymerisationskatalysators, der Vanadium enthilt, erhalten wird.

Copolymer nach Anspruch 1, indem das Ethylen/a-Olefinmolverhiltnis 92/8 bis 96/4 betrdgt, das
Verhilinis Gewichtsmittel-Molekulargewicht/Zahlenmittel-Molekulargewicht 1,8/1 bis 2,6/1 betrdgt und
der endotherme Peak im Bereich von 80 ° C bis 105°C liegt.

Verfahren zur Herstellung eines Copolymers aus Ethylen und einem o-Olefincopolymer, wie im
Anspruch 1 beansprucht, oder das das Copolymerisieren von Ethylen und einem «-Olefin mit 3 bis 10
Kohlenstoffatomen in Losung in Gegenwart eines Katalysatorsystems umfaBt, das eine Vanadiumver-
bindung und eine Organoaluminiumverbindung umfaBt, gekennzeichnet durch ein Ethylen/a-Olefinmol-
verhiltnis von 35/65 bis 60/40 einer Temperatur von 40 bis 80°C, einem Katalysatorsystem, das
zusammengesetzt ist aus (a) einer Vanadiumverbindung der Formel

VO(OR)nXS—n

in der R einen Kohlenwasserstoffrest darstellt, X ein Halogenatom darstellt und n eine Zahl von 0 bis 3
bedeutet, (b) einer Organoaluminiumverbindung der Formel

R'mAlXg-m,

wobei R' einen Kohlenwasserstoffrest bedeutet, X ein Halogenatom bedeutet, und m eine Zahl von 1
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bis 3 bedeutet und (c) eine halogenierte Esterverbindung der Formel

R" - C - ORIII

darstellt, wobei R" einen organischen Rest bedeutet, der von einem Kohlenwasserstoffrest mit 1 bis 20
Kohlenstoffatomen durch Substitution eines Teils oder aller seiner Wasserstoffatome durch Halogenato-
me abgeleitet ist und R™' einen Kohlenwasserstoffrest mit 1 bis 20 Kohlenstoffatomen darstellt, bei
einem Molverhdltnis der Organoaluminiumverbindung zur Vanadiumverbindung von 2,5/1 oder mehr
und einem Molverhiltnis der halogenierten Esterverbindung zur Vanadiumverbindung von 1,5/1 oder
mehr in einem Kohlenwasserstoff-L&sungsmittel, in dem bei einer Temperatur unter 70°C das erhalte-
ne Polymer sowohl geldst als auch in ungeldster Form vorliegen kann, wobei ein Polymer, wie in
Anspruch 1 beansprucht, hergestellt wird.

4. Verfahren nach Anspruch 3, in dem das Ausgangs-a-Olefin 4 bis 8 Kohlenstoffatome besitzt, das
Ethylen/a-Olefinmolverhdltnis 40/60 bis 58/42 betragt, im Katalysatorsystem n eine Zahl von 0 bis 1 ist
und m eine Zahl von 1 bis 2 ist; und
das Molverhiltnis von Organoaluminiumverbindung/Vanadiumverbindung 2,5/1 bis 30/1 betragt.

5. Verfahren nach Anspruch 3 oder 4, das bei einer Temperatur von 40 bis 65 ° C durchgefihrt wird.

6. Verfahren nach Anspruch 3, 4 oder 5, in dem das im Kohlenwasserstoff-L&sungsmittel-unidsliche
Polymer bei 40°C 95 Gew.-% oder mehr, bezogen auf die Gesamtmenge Polymer betrdgt und bei
70°C 100 Gew.-%, bezogen auf das Gesamtpolymer betragt.

7. Verfahren nach einem der Anspriiche 3 bis 6, in dem n in der Formel, die die Vanadiumverbindung
darstellt, 0 betragt.

8. Verfahren nach einem der Anspriiche 3 bis 7, wobei m in der Formel, die die Organoaluminiumverbin-
dung darstellt, 1,5 ist.

9. Verfahren nach einem der Anspriiche 3 bis 8, wobei die halogenierte Esterverbindung ein Perchlorcro-
tonsdureester ist.

10. Verfahren nach einem der Anspriiche 3 bis 9, wobei das «-Olefin 1-Buten ist.
Revendications

1. Copolymére de l'éthyléne et d'une a-oléfine ayant de 1 & 10 aiomes de carbone, copolymére
caractérisé par un rapport molaire éthyléne/a-oléfine compris entre 88/12 et 98/2, et ayant un poids
moléculaire moyen en nombre de 35 000 & 80 000 et un rapport entre son poids moléculaire moyen en
poids et son poids moléculaire moyen en nombre de 1,8/1 a2 3,0/1, selon la détermination faite par
chromatographie de perméation de gaz, et qui présente un seul pic endothermique, jusqu'a 105°C,
selon la détermination faite 3 I'aide d'un calorimétre différentiel & balayage, copolymére obtenu grace &

I'utilisation d'un catalyseur de polymérisation contenant du vanadium.

2. Copolymére tel que revendiqué a la revendication 1, dans lequel le rapport molaire entre I'éthyléne et
l'a-oléfine se situe entre 92/8 et 96/4, le rapport pondéral poids moléculaire moyen en poids/poids
moléculaire en nombre se situe entre 1,8/1 et 2,6/1, ledit pic endothermique se situant entre 80°C et
105°C.

3. Procédé pour produire un copolymére de I'éthylene et d'une a-oléfine, tel que revendiqué 2 la
revendication 1 ou 2, qui comprend la copolymérisation de I'éthyléne et d'une a-oléfine ayant 3 & 10
atomes de carbone en solution, en présence d'un systéme de catalyseur comprenant un composé du
vanadium et un composé d'organo-aluminium, procédé caractérisé par un rapport molaire éthyléne/a-
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oléfine compris entre 35/65 et 60/40, par une température de 40 & 80 ° C, par un systéme de catalyseur
composé de (a) un composé du vanadium représenté par la formule :

VO(OR)X3- 1

dans laquelle R représente un groupe hydrocarboné, X représente un atome d'halogéne et n est un
nombre valant de 0 & 3, (b) un composé d'organo-aluminium représenté par la formule :

R'mAL X3 m

dans laquelle R' représente un groupe hydrocarboné, X représente un atome d'halogéne et m
représente un nombre valant 1 4 3,
et (c) un ester halogéné représenté par la formule :

I
R" —_ C - OR"!

dans laquelle R" représente un groupe organique provenant d'un groupe hydrocarboné ayant 1 4 10
atomes de carbone, par remplacement d'une partie ou de la totalité des atomes d'hydrogéne de ce
groupe hydrocarboné par un atome d'halogéne, et R™ représente un groupe hydrocarboné ayant 1 A
20 atomes de carbone,

A un rapport molaire entre le composé d'organo-aluminium et le composé de vanadium égal ou
supérieur & 2,51 et 2 un rapport molaire de l'ester halogéné au composé de vanadium é€gal ou
supérieur & 1,5/1, dans un solvant hydrocarboné dans lequel le polymére résultant peut étre présent
sous forme dissoute et aussi bien sous forme insoluble, & une température inférieure & 70°C, afin de
produire un copolymére tel que revendiqué a la revendication 1.

Procédé tel que revendiqué 2 la revendication 3, dans lequel I'a-oléfine initiale comporie de 4 4 8
atomes de carbone, le rapport molaire éthyléne/a-oléfine se situe entre 40/60 et 58/42, dans le sysiéme
du catalyseur, n est un nombre valant de 0 & 1 et m représente un nombre valant de 1 3 2, et le
rapport molaire entre le composé organo-aluminium et le composé de vanadium se situe entre 2,5/1 et
30A1.

Procédé tel que revendiqué a la revendication 3 ou 4, qui est effectué & une tempéraiure de 40 2
65°C.

Procédé tel que revendiqué A la revendication 3,4 ou 5, dans lequel ledit polymére, insoluble dans le
solvant hydrocarboné, présent dans le systéme représente au moins 95 % en poids de la quantité

totale de polymére 4 40° C et représente 100 % en poids, sur la base du polymére total 4 70°C.

Procédé tel que revendiqué dans I'une quelconque des revendications 3 & 6, dans lequel, dans la
formule représentant le composé du vanadium, n est nul.

Procédé tel que revendiqué dans I'une quelconque des revendications 3 & 7, dans lequel, dans la
formule représentant le composé d'organo-aluminium, m vaut 1,5.

Procédé tel que revendiqué dans l'une quelconque des revendications 3 & 8, dans lequel l'ester
halogéné est un ester de I'acide perchlorocrotonique.

Procédé tel que revendiqué dans l'une quelconque des revendications 3 & 9, dans lequel ladite a-
oléfine est le 1-buténe.
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